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DESIGN  AND  PERFORMANCE  OF  CONTINUOUSLY 
REINFORCED  CONCRETE  PAVEMENTS 

INTRODUCTION 

During  the  past  several  years,  many  states  have  built 
continuously  reinforced  concrete  pavements.   It  is  of  interest 
to  note  that  the  first  continuously  reinforced  concrete  pave- 
ment was  built  in  1938  on  U.S.  40  near  Stilesville,  Indiana. 

Up  to  the  year  1958  continuously  reinforced  pavements 
in  the  United  States  included  the  first  pavements  build  in 
Indiana,  experimentation  pavements  built  in  New  Jersey  in 
1947,  Illinois  in  1947,  California  in  1949  and  Texas  pavements 
constructed  in  1951,  1955  and  1957.   Pennsylvania  also 
constructed  two  test  sections  in  1956  and  in  1957. 

Since  1958,  the  use  of  continuously  reinforced  concrete 
pavements  in  highway  construction  has  been  on  the  increase  and 
up  to  the  present  time  there  have  been  about  10,000  miles 
constructed  in  the  United  States.   One  of  the  primary  reasons 
for  constructing  this  type  of  pavement  is  that  they  are 
smoother  than  ordinary  pavements  and  experience  has  shown 
that  in  most  cases  they  require  less  maintenance. 

DESIGN  CONCEPTS 
Temperature  reinforcement  as  used  in  jointed  pavements  is 
used  for  the  purpose  of  controlling  the  width  of  crack  opening 
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to  insure  adequate  load  transfer  across  a  crack.   The  amount  of 
steel  required  for  this  is  relatively  small  and,  therefore, 
little  additional  structural  capacity  results  from  the  use  of 
this  steel.   The  required  steel  reinforcement  for  temperature 
control  is  dependent  upon  length  of  slab.   As  the  length  of 
the  slab  increases  the  required  amount  of  temperature  steel 
also  increases. 

A  continuously  reinforced  concrete  pavement  is  one  in  which 
no  transverse  joints  are  used  other  than  expansion  joints  at 
bridges  and  other  structures  and  construction  joints  that  are 
used  at  the  end  of  a  day's  pour.   The  continuously  reinforced 
concrete  pavement  contains  relatively  high  amounts  of  steel 
normally  ranging  between  0.5  and  0.8  percent  of  the  cross- 
sectional  area  . 

In  continuously  reinforced  concrete  pavements,  cracks  may 
develop  from  a  variety  of  causes  including  shrinkage,  contraction, 
warping  and  load.   Experience  has  shown  that  a  large  number  of 
cracks  form  very  soon  after  placing  the  concrete.   These  particular 
cracks  are  probably  caused  by  a  combination  of  shrinkage,  con- 
traction and  warping  stresses. 

Figure  1  demonstrates  the  hypothesis  which  explains  the 
matter  of  crack  formation  in  continuously  reinforced  concrete 
pavements.   Considering  first   shrinkage  and 
contraction,  cracks  may  develop  as  a  result  of  restrained 
movement  caused  by  temperature  changes  or  by  shrinkage  of 
the  concrete  during  the  curing  process.   As  the  concrete  tends 
to  contract,  friction  forces  are  developed  between  the  pavement 
and  the  subgrade. 
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Since  the  steel  has  a  higher  modulus  of  elasticity  than 
the  concrete,  the  concrete  is  overstressed  and  subsequent 
cracks  develop.   Extreme  temperature  drops  are  conducive  to 
rapid  crack  development  soon  after  the  pavement  is  constructed. 
The  important  factor  to  consider  regarding  the  matter  of  crack 
formation  on  this  type  of  pavement  is  that  the  cracks  are 
relatively  close  together  (compared  to  normal  jointed  pave- 
ments) but  the  large  amount  of  steel  in  the  pavement  holds 
these  cracks  close  together  and  load  transfer  is  then  brought 
about  by  grain  interlock. 

Hence,  continuously  reinforced  concrete  pavement  by  its 
very  nature  cracks  at  close  intervals.   The  pavement  must 
contain  sufficient  longitudinal  steel  to  prevent  these  cracks 
from  opening  to  any  degree.   The  success  of  the  pavement 
depends  upon  the  steel  to  carry  out  its  intended  function. 

EXTENT  OF  CONTINUOUSLY  REINFORCED 
PAVEMENTS  IN  INDIANA 
Figure  2  shows  the  amount  of  continuously  reinforced  con- 
crete pavement  constructed  in  Indiana  up  to  the  summer  of  1972. 
The  first  pavement,  as  was  mentioned  previously,  was  built  on 
an  experimental  basis  in  1938.   Since  that  time  several  short 
sections  of  pavement  were  constructed  in  the  mid-60 's.   During 
the  past  several  years  many  additional  miles  of  continuously 
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FIG.  2.      CRC    PAVEMENTS  IN   INDIANA 

SUMMER   1972 


reinforced  pavement  have  been  built,  primarily  on  the  Interstate 
system. 

Most  of  the  pavements  constructed  in  Indiana  are  nine  inches 
thick  although  some  have  been  constructed  seven  and  eight  inches 
in  thickness.   For  the  most  part,  non-stabilized  granular  sub- 
bases  have  been  used  under  the  pavement,  although  in  recent 
years  design  has   included  the  use  of  asphalt-treated  subbases 
in  most  situations. 

Various  types  of  steel  placement  and  construction  (formed 
or  slipformed)  have  been  used.   The  percentage  of  steel  used 
has  been  0.6  percent  of  a  cross-sectional  area  irrespective  of 
the  other  factors  of  design. 


PERFORMANCE  OF  CONTINUOUSLY  REINFORCED 
CONCRETE  PAVEMENTS  IN  INDIANA 

To  evaluate  the  performance  of  CRC  pavements  in  Indiana,  a 
statewide  condition  survey  was  conducted  in  late  1972.   The  field 
survey  was  a  cooperative  venture  in  which  personnel  from  Purdue 
University  were  assisted  by  the  Research  and  Training  Center  and 
the  Crawfordsville  District  Office.   A  sampling  procedure  was 
used  to  design  the  field  survey  and  statistical  methods  were 
used  to  analyze  the  resulting  data.   On  the  basis  of  the 
statistical  analysis,  a  study  of  the  factors  influening  CRC 
pavement  performance  was  made. 

Study  Design 

Figure  2  shows  the  distribution  of  CRC  pave- 
ments in  Indiana.   The  primary  intent  of  the  study  design  was 
to  insure  the  inclusion  of  every  CRCP  contract  that  had  been 
completed  up  to  the  time  of  the  survey  in  the  study.   To  this 
effect,  a  stratified  random  sample  of  CRC  pavements  was  used  in 
the  field  survey.   Each  unit  of  evaluation  or  survey  section  was 
a  5,000  ft.  length  of  pavement  but  care  was  taken  that  a  randomly 
selected  pavement  section  did  not  coincide  with  the  exact  end  or 
beginning  of  a  construction  contract. 

The  sections  were  stratified  on  the  basis  of  the  following 
factors : 

1.  Contract  number, 

2.  Thickness  of  concrete  slab, 

3.  Method  of  paving  (slipformed  or  sideformed) , 

4.  Method  of  steel  placement  (preset  on  chairs  or 
depressed) , 


5.  Method  of  steel  fabrication  (loose  bars,  welded  wire 
fabric,  or  bar  mats), 

6.  Type  of  subbase  (gravel,  slaq,  crushed  stone  or 
bituminous  stabilized  subbase) , 

7.  Subgrade  type  (fine-grained  or  granular). 

The  data  relative  to  these  factors  were  obtained  from 
construction  survey  records.   In  addition,  information  pertaining 
to  concrete  slump,  the  date  of  paving  and  the  date  a  section 
was  opened  to  traffic  was  also  taken  from  construction  records. 

It  is  to  be  noted  that  most  of  the  pavements  were  9  inches 
thick,  although  several  were  8  inches  thick  and  9  of  the  sections 
had  a  thickness  of  7  inches. 

In  certain  cases,  more  than  one  survey  section  was  included 
in  a  particular  contract.   This  apparent  duplication  resulted 
whenever  a  contract  section  crossed  more  than  one  level  of  another 
stratification  factor.   For  example,  if  two  subgrade  types 
occurred  over  one  contract,  two  samples  were  taken.   Similarly, 
two  sample  sections  were  surveyed  if  two  different  methods  of 
steel  placement  were  used  within  a  particular  contract. 
Consequently,  a  total  of  89  CRCP  sections  were  used  in  the 
condition  survey. 

A  provision  was  made  in  the  study  design  so  that  some  of 
the  sections  would  be  surveyed  twice  by  different  survey  teams. 

The  contracts  included  in  the  study  design  were  the  ones 
that  had  been  constructed  up  to  the  time  of  the  field  survey. 
Therefore,  some  of  the  later  contracts  that  were  completed  during 
or  after  the  survey  period  could  not  be  incorporated  into  the 
study. 


TABLE     I     FACTORIAL    DESIGN     FOR    STUDY    OF    FACTORS 
INFLUENCING    CRCP     PERFORMANCE 
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Numbers    in    cells   denote    thickness    of    CRC    pavement    in    inches. 


Variables  Evaluated  in  the  Field  Survey 

Features  of  the  highway  which  were  logged  were  determined 
on  the  basis  of  data  previously  obtained  from  the  surveys  made 
on  1-65.   Table  2  shows  a  listing  of  the  defects  (and  other 
features)  that  were  logged  by  the  field  survey  teams.   The 
primary  distress  factors  included  parallel  cracks,  random 
cracks,  area  and  number  of  defects  as  noted  by  patching,  etc. 

Regarding  parallel  cracks,  only  those  having  a  spacing 
closer  than  30  inches  were  considered.   Parallel  cracks  and 
random  cracks  were  logged  on  the  basis  of  linear  feet  of 
longitudinal  pavement  containing  the  particular  type  of  crack 
under  consideration. 

Defects  were  noted  as  either  severely  distressed  areas  or 
those  areas  that  had  been  previously  patched  with  asphalt  or 
Portland  cement  concrete.   The  defects  were  logged  on  the  basis 
of  the  observed  number  of  defects  and  the  estimated  area  of 
defects  per  section. 

In  addition  to  the  above,  information  relative  to  grade, 
curvature,  pumping  and  general  data  on  the  physical  features 
of  the  highway  were  cataloged.   Wherever  patches  and  breakups 
were  observed,  sketches  of  these  were  made  and  the  exact  loca- 
tions thereof  were  noted  on  the  log  sheets. 

ANALYSIS  AND  RESULTS 
The  data  obtained  from  the  statewide  CRCP  study  were 
statistically  analyzed  by  using  a  weighted  least  squares  analysis 
of  variance  procedure.   This  procedure  was  necessitated  because 
of  unequal  sub-class  cell  frequencies  in  the  data.   In  this 


TABLE  2.   DATA  OBTAINED  DURING  FIELD  STUDY,  CRC  PAVEMENTS 


1, 


Position  at  Grade;   rF(fill),  C(cut),  A (at  grade)] 

Curvature:   rT (tangent),  CR (curve  to  right),  CL (curve  to 
left) ] .  Curvature  was  evaluated  relative  to 
the  direction  of  traffic. 

Pumping:   Estimated  in  terms  of  the  length  of  section  that 
showed  oumping.   Pumping  was  identified  by 
1)  observing  discoloration  (mud-marks)  on  the 
shoulder,  2)  observing  wet  areas  on  the  shoulder, 


Crack  Patterns : 


Crack  Counts : 


Parallel  type  (less  than  30"  spaced),  random 
type  I  (diagonal,  Y-cracks,  etc.),  and 
random  type  II  (combined  parallel  and  diagonal) 
crack  patterns  were  observed  in  terms  of 
longitudinal  length  of  pavement. 

Spalled  cracks  were  counted  in  terms  of  three 
categories:  S  (slight),  M (moderate),  and 
H  (heavy) . 


Breakups  and  Asphalt  Patches: 


These  were  counted  and  also 
estimated  in  terms  of  area. 
Both  length  and  width  dimen- 
sions were  indicated  (W  x  L) 
in  feet. 


10, 
11, 

12, 


Concrete  Patches :   These  were  counted  and  also  estimated  in 

terms  of  area.   Both  length  and  width  of 
the  patch  were  indicated  in  feet  (W  x  L) . 

Crack  patterns  where  breakups  and  patches  occurred  were 
also  indicated  in  terms  of  length  of  pavement. 

Each  breakup  or  a  patch  together  with  its  accompanying  crack 
pattern  and  snalling  characteristics  was  sketched  on  the 
survey  form.   Some  of  these  defects  were  photographed. 

Any  dates  marked  on  the  pavement  were  recorded. 

Joints  (construction  or  expansion)  were  sketched  and 
indicated  by  a  station  identification. 

Identification  features  such  as  bridges,  interchanges, 
etc.  were  indicated  by  a  station  identification.   Remarks 
relative  to  unusual  soil  characteristics  (subgrade)  were 
also  recorded. 


situation,  the  different  comparisons  with  which  the  sums  of 
squares  are  associated  become  non-orthoqonal  and  usual  analysis 
of  variance  leads  to  biased  test  procedures. 

The  ANOVA  results  reported  in  this  study  were  obtained  by 
usinq  LSMLGP  (Least  Squares  and  Maximum  Likelihood  General 
Purpose  Proqram) ,  a  computer  proqram  at  the  Purdue  University 
Computer  Center.   This  proqram  utilizes  a  qeneral  weiqhted 
least  squares  procedure  and  can  be  used  for  missinq  value 
problems,  where  cell  frequencies  are  unequal  and,  also  where 
data  are  not  available  for  certain  subclasses.   The  proqram 
only  handles  main  effects  and  two-factor  interactions,  but 
has  nrovisions  for  incorporatinq  covariates  (continuous  variables) 
in  the  analysis. 

To  study  the  effect  of  factors  influencinq  the  performance 
of  CRC  pavements,  the  followina  analysis  of  variance  model  was 
used. 

Yijk*mp  "  »+   Ai  +  Bj  +  Ck  +  Dt   +  Fm  +  ABii  +  ACik  +  ADi*  + 

AFim  +  BCjk  +  BDj*  +  BF1m  +  CDk£  +  CFkm  +  DF*m  + 

Bl(Sijk*mp  -  S)  +  e2(Tijktmp  '  T)  +  e(ijk4m)p 

where 

Y.  .,  «    =  measured  variable,  e.g.,   No.  of  defects, 
lTkfcmp 

u  =  true  mean  effect  for  the  population, 

A.  =  true  effect  of  method  of  pavinq  (slipformed  vs. 
1    sideformed) , 

B.  =  true  effect  of  method  of  steel  placement 
*         (depressor  vs.  chairs), 

C  =  true  effect  of  method  of  steel  fabrication, 
(bar  mats  vs.  wire  fabric  vs.  loose  bars), 


DJ,  "  true  effect  of  type  of  subbase  (bituminous 
stabilized  vs.  crushed  stone  vs.  slag  vs. 
gravel)  , 

Fm  ™  true  effect  of  subgrade  soil  (qranular  vs. 
fine-qrained) , 

S . 
ijkimp  =  linear  effect  of  the  covariate,  slump  (in), 

*Ti1k£mn  =  linear  effect  of  covariate,  number  of  months 
K   of  traffic, 

Bl'  ^2  *  regression  coefficients 

S,  T  =  mean  values  of  slumo  and  traffic  respectively, 
(ijkfcm)p  =  true  error,  NID(o,  a2). 

The  other  terms  denote  the  two-factor  interactions  between 

the  factors,  A,B,C,D  and  F.   The  subscripts  assume  the  values: 

i  =  1,2 

J  -  1,2 

k  =  1,2,3 

I   =•  1,2,3,4 

m  =  1,2 

p  =  0  (missing  value) ,  or 

l,2....n.  ..  .   (unequal  sub-class  numbers). 

The  model  does  not  take  into  consideration  3-factor  and 
higher  order  interactions  owing  to  computer  program  limitations. 
Consequently,  these  interaction  effects  are  confounded  with  the 
error  effect  in  this  formulation. 

In  analyzing  some  of  the  measured  variables,  a  square-root 
transformation  was  applied  to  the  data  to  satisfy  the  require- 
ment of  homogeneity  of  variance,  a  basic  assumption  underlying 


*  This  variable,  that  is  the  number  of  months  since  the  pavement 
section  was  opened  to  traffic,  was  used  as  an  indirect  measure 
of  load  applications. 


the  analysis  of  variance  procedure.   The  Foster-Burr,  Q-Test 
was  used  for  testina  homogeneity  of  variance.   Effects  that 
were  non-siqnif icant  at  an  a-level  of  0.25  were  pooled  with 
the  error  effect  and  tests  of  significance  were  made  using 
the  pooled  error  term. 

Table  3  summarizes  the  results  of  analysis  of  variance. 
The  dependent  variables  used  in  the  analysis  were: 

1.  Square  root  of  number  of  asphalt  patches,  concrete 
patches  and  breakups  per  section, 

2.  Square  root  of  number  of  asphalt  patches  and 
breakups  per  section, 

3.  Square  root  of  area  of  asphalt  patches  and  breakups 
in  sq.  ft.  per  section, 

4.  Square  root  of  moderately  spalled  cracks  per 
section, 

5.  Length  of  pavement  showing  parallel  crackinq  and 
length  of  pavement  showing  random  cracking,  in 
feet  oer  section. 

The  above  variables  are  defined  in  Table  2.   The  extent  of 
pavement  distress  was  evaluated  in  terms  of  number  of  defects 
while  the  magnitude  of  the  distress  was  determined  by  estimating 
the  area  of  defects.   Asphalt  patches  and  breakups  were  considered 
separately  as  these  manifest  recent  pavement  distress.   Concrete 
patches  were  included  in  only  one  evaluation  scheme,  since  it  was 
not  exactly  known  when  the  concrete  patches  were  placed. 


TABLE  3.   ABBREVIATED  RESULTS  OF  LEAST  SOUARES  MAXIMUM 
LIKELIHOOD  ANALYSIS  OP  VARIANCE 


DEPENDENT  VARIABLE 

/APN+CPN 

^APN 

/APA 

/MSPALL 

LPC+  Sc 

Source 

F 

".05 

F 

F.05 

F 

F.05 

F 

F.05 

F 

F.05 

Paving  (1) 

Placement  (1) 

Steel  (2) 

Subbaae  (3) 

Soil  (1) 

Paving  x  Placement  (1) 

Paving  x  Steel  (1) 

Placement  x  Subbase  (2) 

Placement  x  Soil  (1) 

Steel  x  Subbase  (5) 

Steel  x  Soil  (2) 

Slump  (Linear  ... 
Effect)      '  ' 

Traffic  (Linear  ... 
Effect)        l  ' 

1.794 

3.50* 
4.02* 

2.04 
1.98 

1.37 
2.34 

5.75* 
1.91 

3.97 

3.13 
2.74 

3.97 
3.97 

2.35 
3.13 

3.97 
3.97 

2.22 

3.32* 

4.27* 

1.84 

4.14* 

3.28 

2.73 

3.77 

4.47* 

3.97 

3.13 
2.74 
3.97 
3.97 
3.97 

3.13 
3.97 

3.97 

3.46 

2.00 
3.19* 

4.27* 

6.05* 

3.98* 

3.96 

3.12 

2.73 

3.96 
3.96 

3.96 

1.85 
3.49 

4.96* 

3.95 
3.95 

3.95 

5.90* 

1.55 
2.56 
2.16 

4.09* 

3.96 

3.12 
3.96 
2.34 

3.96 

Error  (Pooled) 

[77] 

[81] 

[85] 

[91] 

[84] 

APN  -  No.  of  Asphalt  Patches  and  Breakups  per  Section 

CPN  -  No.  of  Concrete  Patches  per  Section 

APA  -  Asphalt  Patches  and  Breakups  per  Section  in  sq.  ft. 

MSPALL  -  No.  of  Moderately  Spalled  Cracks  -«-*.! «« 

Lpc  -  Length  of  Pavement  Showing  Parallel  Cracks  in  ft.  per  Section 

L   -  Length  of  Pavement  Showing  Random  Cracking  in  ft.  per  Section 
Numbers  in  Parentheses  are  Degrees  of  Freedom  Associated  with  an  E«ect 
Numbers  in  Brackets  are  Degrees  of  Freedom  for  Pooled  Error  Obtained  from  the 

Analysis  of  a  Given  Dependent  Variable. 
Section  Length  -  5,000  ft. 
No.  of  Observations  -  95 
*  -  Significant  at  a-. 05 
-  -  Not  Significant  at  a-0.25 
Slump  and  Traffic  are  Covariates 


Factors  Affecting  Pavement  Distress  as  Evaluated 
by  Number  and  Area  of  Defects 

It  is  indicated  by  the  results  of  the  analysis  of  variance 
shown  in  Table  3  that: 

1.  The  method  of  steel  fabrication  and  subbase  type 
together  with  concrete  slump  have  a  significant  effect  on  pave- 
ment distress  as  evaluated  by  the  number  of  defects  (concrete 
patches,  asphalt  patches  and  breakups)  observed  per  section. 

2.  The  method  of  steel  fabrication,  the  type  of  subbase, 
traffic  and  the  interaction  between  the  methods  of  paving  and 
placement  of  steel  reinforcement  have  a  significant  influence 
on  pavement  distress  as  determined  by  the  number  of  asphalt 
patches  and  breakups  observed  per  section. 

3.  If  estimated  area  of  asphalt  patches  and  breakups 
per  section  is  used  as  a  measure  of  the  magnitude  of  distress, 

it  is  observed  that  traffic,  the  type  of  subbase,  the  interaction 
between  the  methods  of  paving  and  placement  of  steel  reinforcement, 
and  the  interaction  between  the  methods  of  paving  and  steel 
fabrication  significantly  explain  the  variance  in  the  estimated 
area  of  asphalt  patches  and  breakups  per  section. 

4.  Irrespective  of  the  dependent  variable,  subgrade  type 
does  not  appear  to  have  a  significant  effect  on  pavement  distress. 

Factors  Affecting  Pavement  Cracking 
Table  3  further  indicates  that: 

1.  Moderately  spalled  cracks  are  primarily  induced  by 
traffic. 

2.  The  extent  of  parallel  cracks  and  random  cracking 
per  section  of  pavement  is  significantly  influenced  by  traffic 
and  the  interaction  between  methods  of  paving  and  placement  of 
steel  reinforcement. 


Detailed  Study  of  Factors  Influencing  Performance 
of  CRC  Pavements 

Tables  4  and  5  further  elucidate  the  results  of  analysis  of 
variance  shown  in  Table  3  and  were  developed  on  the  basis  of 
these  results.   in  these  tables,  two  separate  columns  are 
provided  to  show  the  effect  of  including  the  data  from  contracts 
R-7935  and  R-6023.   These  contracts  were  treated  separately 
because  the  contract  R-7935  (1-65)  developed  distress  shortly 
after  it  was  opened  to  traffic,  while  contract  R-6023  (1-74) 
is  the  oldest  CROP  contract  (1^64)  included  in  this  study. 

1.  Effect  of  Subgrade.   The  analyses  indicate  that 
subgrade  soil  tyoe  had  no  significant  effect  on  pavement  distress 
or  the  extent  of  observed  cracking. 

2.  Effect  of  Subbase.   The  results  of  data  analysis 
clearly  show  that  subbase  type  has  a  major  influence  on  pave- 
ment distress.   Table  4  demonstrates  the  effect  of  subbases  on 
CRCP  performance.   It  is  indicated  that  the  use  of  bituminous 
stabilized  and  crushed  stone  subbases  resulted  in  significantly 
better  performance  than  the  use  of  gravel  subbases. 

It  was  also  observed  that  sections  with  gravel  subbases  showed 
a  higher  incidence  of  pumping. 

Relative  to  the  comparative  performance  of  bituminous 
stabilized  and  crushed  stone  subbases,  sections  with  bituminous 
stabilized  subbases  did  not  show  any  significant  distress  while 
some  sections  with  crushed  stone  subbases  showed  minor  distress. 
This  conclusion  should  be  viewed  with  caution  as  bituminous 
stabilized  subbases  were  used  more  recently  (primarily  1972) 
and  have  not  been  exposed  to  the  full  range  of  environmental 
and  traffic  conditions. 


TABLE  4.   EFFECT  OF  SUBBASE  ON  THE  DISTRIBUTION 
OF  AVERAGE  DEFECTS  PER  SECTION 


Type  of  Subbase 

Gravel 

Slag* 

Crushed 
Stone 

Bituminous 
Stabilized 

Ave.  No.  of 
Concrete  Patches , 
Asphalt  Patches 
and  Breakups 
per  Section 

1.42* 
(46) 

0.80 
(44) 

0.75 
(8) 

0.15 
(20) 

0.00 
(15) 

Ave.  No.  of 
Asphalt  Patches 
and  Breakups 
per  Section 

1.08* 
(46) 

0.74 
(44) 

0.62 
(8) 

0.15 
(20) 

0.00 
(15) 

Ave .  No .  of 
Concrete  Patches 
per  Section 

0.34* 
(46) 

0.06 
(44) 

0.13 
(8) 

o.on 

(20) 

0.00 
(15) 

Ave.  Area  of 
Concrete  Patches , 
Asphalt  Patches 
and  Breakups 
per  Section  in 
Square  Feet 

89.03* 
(46) 

48.37 
(44) 

35.25 
(8) 

1.60 
(20) 

0.00 
(15) 

Ave.  Area  of 
Asphalt  Patches 
and  Breakups 
per  Section  in 
Square  Feet 

57.00* 
(46) 

42.83 
(44) 

29.25 
(8) 

1.60 
(20) 

0.00 
(15) 

Ave.  Area  of 
Concrete  Patches 
oer  Section  in 
Square  Feet 

32.03* 
(46) 

5.54 
(44) 

6.00 
(8) 

n.oo 

(20) 

0.00 
(15) 

*  Including  Contracts  R-7935  (1-65)  and  R-6023  (1-74) 

**All  defects  were  observed  on  only  one  construction  contract. 

Numbers  in  Parentheses  are  Number  of  Sections  Included  in 
the  Average. 

Section  Length  =  5,000  Ft. 


TABLE  5.   EFFECT  OF  METHOD  OF  CONSTRUCTION  ON  DISTRIBUTION  OF 
DEFECTS,  MODERATELY  SPALLED  CRACKS  AND  LENOTH  OF  CRACKING 


Type  of  Paving 

Slipformed 

Side  Formed 

•'ethod  of  Steel 
Fabrication 

LB 

WF 

BM 

WF 

BM 

Method  of  Steel 
Placement 

Dp 

Ch 

Dp 

Ch 

Dp 

Ch 

Dt) 

Ch 

Dp 

Ch 

Ave.  No.  of 
Concrete  Patches, 
Asphalt  Patches 
and  Breakups 
ner  Section 

o.o 

(4) 

0.15 
(13) 

* 
1.5 
(14) 

0.53 
(14) 

0.64 
(11) 

0.67 
(12) 

1.08 
(13) 

0.08 
(12) 

0.25 
(4) 

** 

2.4 

(5) 

1.0 
(2) 

0.50 
(2) 

Ave.  No.  of 
Asphalt  Patches 
and  Breakups 
per  Section 

o.n 

(4) 

0.15 
(13) 

0.64 
(14) 

0.53 

(14) 

0.55 
(11) 

0.58 
(12) 

1.0 
(13) 

0.08 
(12) 

0.25 
(4) 

2.2 
(5) 

1.0 
(2) 

0.50 

(2) 

Ave.  Area  of 
Concrete  Patches, 
Asphalt  Patches 
and  Breakups 
in  Square  Feet 
ner  Section 

0.0 
(4) 

6.5 
(13) 

85.3 
(14) 

25.0 
(14) 

24.2 

(11) 

25.4 

(12) 

82.6 
(13) 

7.0 
(12) 

15.0 
(4) 

183.0 
(5) 

102.0 
(2) 

12.0 

(2) 

tAve.  Length  of 
Cracking  per 
Section  in  feet 

191.5 
(4) 

464.2 
(13) 

478.8 
(14) 

308.3 
(14) 

596.8 
(11) 

191.1 
(12) 

543.5 
(13) 

669.4 
(12) 

383.5 
(4) 

508.0 
(5) 

412.0 
(2) 

866.0 
(2) 

Ave .  No .  of 
Moderately 
Spallod  Cracks 
per  Section 

0.25 
(4) 

0.77 
(13) 

1.14 
(14) 

0.43 
(14) 

3.82 
(11) 

0.92 
(12) 

2.89 
(13) 

2.46 
(12) 

2.75 
(4) 

6.40 

(5) 

0.00 
(2) 

0.67 
(2) 

Ave .  No .  of 
Years  of  Traffic 
oer  Section 

1.04 
(4) 

0.61 
(13) 

0.63 
(14) 

0.54 
(14) 

1.62 
(11) 

0.41 
(12) 

2.21 
(13) 

1.97 
(12) 

1.62 
(4) 

2.92 

(5) 

n.25 
(2) 

3.25 
(2) 

•  Including  Contract  R-79  35  (1-65) 
»*  Including  Contract  R-6023  (1-74) 

t  Longitudinal  Pavement  Length 
Showing  Parallel  Cracks  Less 
than  30"  Spacing,  Plus 
Longitudinal  Pavement  Length 
Showing  Random  Cracking 

Numbers  in  Parentheses  are 
number  of  sections  Included 
in  the  average 


Method  of  Steel  Fabrication 

LB;   Loose  Bars 
WF:   Wire  Fabric 
BMt   Bar  Mats 

Method  of  Steel  Placement 


Dp: 
Ch: 


Depressor 
Chairs 


The  above  conclusions  also  hold  true  relative  to  the 
magnitude  of  distress  as  evaluated  by  the  area  of  defects. 

3.    Effect  of  Type  of  Steel  Reinforcement.   Table  5 
indicates  the  distribution  of  average  number  and  area  of 
defects,  average  number  of  moderately  spalled  cracks  and 
average  length  of  cracking  observed  per  pavement  section  for 
various  combinations  of  construction  factors. 

From  the  results  presented  in  this  table,  it  may  be 
concluded : 

a)  That  use  of  bar  mats  resulted  in  more  defects  per 
section  than  the  use  of  wire  fabric  or  loose  bars. 
This  statement  should  be  qualified  by  the  fact  that 
use  of  bar  mats  was  confined  primarily  to  older  CRCP 
contracts  while  the  use  of  loose  bars  is  more  recent 
(primarily  1972). 

b)  For  various  combinations  of  methods  of  paving  and 
steel  placement,  use  of  wire  fabric  resulted  in 
more  widespread  cracking. 

c)  The  use  of  wire  fabric  resulted  in  relatively  more 
distress  in  slipformed  pavement  sections  than  in 
side  formed  sections. 

4.    Effect  of  Method  of  Steel  Placement.   For  various 
combinations  of  steel  type  and  paving  method,  it  would  be  noticed 
in  Table  5  that  a  larger  number  of  defects  per  section  were 
observed  where  chairs  were  used  as  a  method  of  placement.   This 
relationship  breaks  down  in  one  case  where  a  combination  of 
a  side  formed  pavement  with  bar  mats  was  used.   Here  the  use  of 
a  depressor  resulted  in  a  relatively  larger  number  of  defects. 
More  cracking  was  also  evidenced  in  sections  where  chairs  were 
used  for  placing  steel  reinforcement.   This  relationship  does 


not  hold  for  the  case  where  a  side  formed  pavement  with  wire 
fabric  type  steel  reinforcement  was  used.  In  this  case,  use 
of  a  depressor  resulted  in  a  greater  amount  of  cracking. 

5.  Effect  of  Method  of  Paving.   Table  5  shows  that,  by 
itself,  the  method  of  paving  has  no  significant  effect  on 
pavement  distress.   Relative  to  pavement  cracking,  it  is 
indicated  that  the  incidence  of  cracking  was  relatively 
greater  in  side  formed  pavements  as  opposed  to  slipformed 
pavements  for  various  combinations  of  steel  reinforcement 
and  method  of  steel  placement. 

6.  Effect  of  Traffic.   The  time  that  a  pavement  has 
been  under  traffic  has  a  significant  effect  on  pavement  dis- 
stress. 

7.  Effect  of  Concrete  Slump.   Table  6  indicates  the 
effect  of  slump  on  distribution  of  defects,  where  defects 

are  defined  as  the  number  of  concrete  patches,  asphalt  patches, 

TABLE  6.   EFFECT  OF  SLUMP  ON  DISTRIBUTION  OF  DEFECTS 
(Concrete  Patches,  Asphalt  Patches  and  Breakups) 


Slump    Number  of  Number  of  Number  of  Percent  of  Number  of 

(inches)  Sections   Sections  Sections  Sections  Defects 

Surveyed   With  No  With  With  Per 

Defects  Defects  Defects  Section* 


1.0-1.5 

31 

17 

14 

42.2% 

2.9 

1.5-2.0 

39 

29 

10 

25.6% 

3.2 

2.0-2.5 

13 

11 

2 

15.4% 

1.0 

2.5-3.0 

4 

3 

1 

25.0% 

1.0 

>  3.0 

2 

2 

0 

0.0% 

0.0 

*Only  Considering  Sections  With  Defects 


and  breakups  per  section.   It  may  be  concluded  from  Table  6 
that  a  higher  percentage  of  sections  had  defects  where  the 
concrete  slump  was  low.   From  this  table,  it  further  appears 
that  the  optimum  value  of  slump  relative  to  performance  is 
between  2.0-2.5  inches.   With  increase  in  slump,  a  decrease 
in  the  number  of  defects  per  section  is  also  indicated.   The 
effect  of  slump  values,  greater  than  2.5  inches,  on  the  occur- 
rence of  defects  should  be  carefully  considered.   There  were 
only  six  sections  havinq  slump  values  greater  than  2.5  inches 
and  these  may  not  be  representative  of  the  effect. 

Distribution  of  Defects 

Figure  3  shows  the  frequency  distribution  of  defects 
observed  in  the  statewide  CRCP  survey  where  defects  are 
defined  as  the  number  of  concrete  patches,  asr>halt  patches 
and  breakups.   This  distribution  shows  that: 

1.  69.7%  of  CRCP  sections  surveyed  did  not  show  any 
defects. 

2.  26.9%  of  CRCP  sections  had  from  one  to  five  defects 
per  section. 

3.  3.4%  of  CRCP  sections  had  more  than  five  defects 
per  section. 

This  information  was  based  on  89  sections,  each  5,000  ft. 
long.   This  amounted  to  84.28  miles  of  CRC  pavement  length. 

CONCLUSIONS 
Based  upon  a  statistical  analysis  of  data  collected  during 
a  statewide  survey  of  continuously  reinforced  concrete  pavements 
in  Indiana  the  following  conclusions  are  presented.   It  should 
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FIG.  3.   FREQUENCY    DISTRIBUTION    OF    DEFECTS 

OBSERVED    IN   THE    STATEWIDE    CRCP  SURVEY 


be  kept  in  mind  that  the  survey  was  statistically  designed 
wherein  each  contract  was  required  to  be  in  the  study,  but 
samples  were  obtained  (5,000  ft.  in  length)  within  each 
contract  section.   In  some  cases,  more  than  one  5,000  ft. 
section  was  observed  within  a  contract  section  because  of 
the  stratification  used  in  the  statistical  study. 

The  results  of  the  statewide  survey  have  given  some 
definite  indications  as  will  be  pointed  out  below.   However, 
several  questions  remain  unanswered  relative  to  the  reasons 
for  distress  on  certain  CRCP  sections  in  the  state. 

Significant  Factors  Affecting  Performance 

The  following  conclusions  pertain  to  the  effect  of  various 
factors  influencing  the  performance  of  CRC  pavements  in  Indiana. 

1.  Subgrade.   The  results  have  suggested  that  subgrade 
type  (granular  or  fine-grained)  was  not  a  significant  contrib- 
utor to  performance  of  CRC  pavements. 

2.  Subbase  Type.   Subbase  type  was  found  to  be  a 
significant  contributor  to  performance  of  CRC  pavements,  with 
gravel   subbases  showing  the  poorest  performance. 

Crushed  stone  subbases  have,  in  general,  shown  good  performance 
and  up  to  the  time  of  the  survey  the  bituminous  stabilized 
subbases  showed  little  or  no  distress.   However,  since  the 
survey  was  conducted,  some  breakup  has  been  encountered  on 
at  least  one  bituminous  stabilized  subbase. 

3.  Method  of  Steel  Placement.   Depressed  steel  was 
shown  to  have  significantly  better  performance  than  preset 
steel  used  on  chairs. 


4.  Steel  Fabrication.   All  other  factors  being  constant, 
(type  of  subbase,  method  of  construction,  etc.),  loose  bars 
and  welded  wire  fabric  have  shown  good  performance.   Bar  mats 
showed  the  poorest  performance,  but  as  was  pointed  out  earlier, 
this  type  of  steel  was  used  only  on  some  of  the  earlier  projects, 
and  thus ,  these  pavements  have  been  exposed  to  a  wider  range  of 
environmental  and  traffic  conditions. 

5.  Method  of  Paving.   The  data  showed  little  difference 
between  performance  of  pavements  that  were  constructed  using 
side  forms  compared  to  those  which  were  slipformed. 

6.  Traffic.   Distress  of  CRC  pavements  is  associated 
with  traffic  and  apparently  is  on  the  increase  in  Indiana. 

7.  Concrete  Slump.   Concrete  slump  has  a  significant 
effect  on  pavement  performance  with  an  apparent  optimum  slump 
between  2.0  to  2.5  inches.   Slump  of  1.5  inches  and  greater 
have  shown  good  results . 

8.  Temperature.   It  has  been  observed  that  much  of  the 
distress  takes  place  during  the  cold  months  of  the  year, 
suggesting  that  extreme  temperature  drops  have  a  major  effect 
on  performance. 


